Supply and demand
Fifty-eight percent of the world's coffee supply comes from arabica coffee (Coffea arabica; 2n = 4x = 44). This is by far the world's most prized type of coffee: it is better tasting and has lower caffeine content than robusta coffee (Coffea canephora), which makes up the rest of global production. Arabica is an unusual plant that formed from the serendipitous hybridization between two different diploid coffee species (Coffea eugenioides and C. canephora; 2n = 2x = 22) somewhere near the highlands of Ethiopia 10,000-50,000 years ago 3, 4 . This peculiar evolutionary event makes Ethiopian forests a primary centre of arabica genetic diversity, and a major storehouse of coffee's genetic resources. Here may be found the taste, disease resistance, and drought tolerance characteristics needed to maintain world coffee supply in the years to come. The interest in wild coffee populations comes at a time when the environmentally susceptible narrow genetic pool of the majority of the world's cultivated coffee is all too clear. Recently, there has been a widespread epidemic of coffee leaf rust (Hemileia vastatrix) in Central America 5 . Leaf rust has a history of being devastating, and famously led to the collapse of the Ceylon, Indian and Javan coffee industries in the 1800s. Whilst currently rebounding, in the years just gone, droughts have caused slumps in Brazil's 30% share of global production. The negative effects of these extreme droughts on the world's coffee supply were reminiscent of events just decades before, when in 1999 up to 40% losses were seen in Brazil's output. Furthermore, climate change, particularly due to increasing temperatures, has been predicted to threaten yields in some of the major producing regions over the coming years 6 . Although success in leaf-rust-resistance breeding has largely been discovered in the gene pool of diploid species such as C. canephora and Coffea liberica, breeders are showing that wild arabica populations could be crucial for developing However, coffee breeding efforts to date have, in general, been limited, wild arabica resources underutilized, and the benefits for resistance to environmental stressors, such as temperature and drought, largely left untapped. For the industry to benefit from these genetic resources into the future, wild arabica needs to be made more accessible and better conserved in its native range. The small and eroding number of ex situ accession banks for arabica, built primarily from expeditions in the 1960s and 1970s, will not be enough to meet the breeding tasks ahead.
Forest conservation
Wild forest coffee not only holds potential as a genetic store house, but also presents an unexplored avenue to a better understanding of how ecological diversity can be engineered into coffee production systems to make them more resilient. This in turn might help the development of sustainable methods of stable pest control management. A series of eloquent experiments in smallholder coffee production systems in Central America have shown that coffee-leaf-rust dynamics can be controlled by a complex web of multitrophic interactions 8 . The fact that wild coffee exists in Ethiopian forests adjacent to managed coffee production systems offers a unique opportunity to understand how intensification and domestication has led to the loss of natural biocontrol services, and to develop new solutions to build such services back into current management practice. But for this to happen wild coffee forests must be kept intact, which will require the tackling of the manifold challenges currently facing wild arabica coffee in its native range.
Smallholder coffee cultivation, whereby wild coffee forests are converted to agroforestry systems, is widespread in Ethiopia. Empirical evidence does suggest that forested areas where coffee is cultivated are less likely to be cut down and replaced with agricultural land than those where coffee is not being farmed 9 . This provides support for the classical idea that cultivating coffee, whilst partly impinging on wild populations, has historically helped prevent complete loss of wild coffee genetic resources. However, socio-ecological research in Yayu Coffee Forest Biosphere Reserve, Ethiopia, where ~70% of the population depend on coffee cultivation as a main source of income, is showing that coffee can not be used as a sole poverty alleviation mechanism 10 . Farmers are turning towards more rewarding cash crops, such as the stimulant drug khat (Catha edulis), which makes it unclear how long conservation mechanisms based on forest coffee production will last.
This suggests that the effective protection of wild arabica genetic resources will need the development of better institutional support for the people living and depending on the lands where wild coffee grows 11, 12 . There is a clear need for a better understanding of how Ethiopian smallholder coffee farmers can diversify their incomes whilst keeping forest cover and benefitting from their coffee production activities. There has been an upsurge in the demand for specialty coffee in recent years, which, coupled with direct sourcing by specialist roasters, offers the opportunity for improved payback to producers. An open question remains as to whether this trend will continue, and if its impacts will be far reaching enough. What is clear, is that the vast majority of premiums currently obtained by many of the coffee growers who steward the world's arabica coffee diversity are still far too low to support the responsibility that the world has laid upon them.
Contracting diversity
Even if farmers do not cut down their coffee forests immediately, without intervention it is possible that the benefits of coffee production on conservation of the world's wild coffee resources may be reaching their limits. The practice of taking wild coffee seedlings from uncultivated areas and cultivating them in smallholder plots provides an important opportunity for conservation of genetic diversity beyond that in native wild populations 11 ( Fig. 1) . However, recent evidence suggests that the diverse germplasm in managed coffee systems in Ethiopia might be at risk of erosion 13 . In addition, improved agronomic varieties introduced into cultivated coffee systems in Ethiopia could also be mixing with the gene pool of wild coffee 14 . It is known that even low-intensity coffee cultivation can degrade the structure and biodiversity of forests over time 15, 16 , and this could also pose a threat to wild arabica populations. However, clear links between forest biodiversity loss and the fitness of adjacent wild arabica populations have not yet been made because our knowledge of which native pollination or dispersal vectors play major roles in wild coffee population dynamics remains poor.
The negative effects of human management and land-use decisions on conservation of wild coffee genetic resources in its native range are compounded by climate change. It has been estimated that during the twenty-first century, the climatically suitable area for arabica coffee in its indigenous range will decrease by at best 40%, and at worst 90% (ref. 17) . If genetic diversity is diminished, the wild coffee could be less able to adapt to changing climates 14, 17 . If forest structure is degraded, the buffering capacity of forests for wild coffee is likely to decrease, and the impacts of climate change will be felt sooner 17 . Theoretically, these interacting effects of management and climate change could together force some wild coffee populations over the edge. However, without many good replicated studies on the effective population size of arabica across its native range, it is currently hard to say how hard-pressed wild arabica coffee really is.
There is far too little knowledge of wild coffee populations and the functional diversity they contain, and basic natural historical knowledge of wild coffee trophic interactions is lacking. We are thus unable to conclusively say if existing protected areas, such as Yayu and Kaffa Biosphere Reserves in Ethiopia, will be effective for in situ conservation of wild arabica genetic and ecological resources for the future. Reforestation and expansion of wild coffee forests through human-aided migration to create new in situ conservation might be an important next step required to ensure conservation of the world's genetic resources of coffee, but how much of the ecology of wild coffee's trophic interactions will be lost through this process remains unclear. Current ex situ biobanks might also be improved, but these should only be seen as a compliment to in situ reserves that maintain the benefits of dynamic evolution.
The long-term global supply of arabica coffee is threatened by the low genetic diversity in current production systems that limit the ability of these systems to respond to climate change, extreme weather events, and pest outbreaks. Protecting the genetics and ecology of wild arabica coffee in its native range offers a unique solution to help with these global challenges. However, there are many threats facing the conservation of wild arabica coffee populations, and solving these will take concerted efforts across many disciplines. Dealing with these local challenges should be a global priority for the coffee industry. The road ahead is likely to be difficult, but embarking on the journey should not be too much to ask. After all, do you want to live without your morning cup of coffee? ❐
